Carbon-13 NMR studies of the lysine side chains of calmodulin and its proteolytic fragments.
The pH-titration and dynamic behaviour of the seven lysine side chains in bovine calmodulin were studied by carbon-13 NMR. The amino groups of the calcium saturated protein and its proteolytic fragments TR1C (1-75) and TR2C (78-148) were dimethylated with carbon-13 labeled formaldehyde; this modification did not alter the protein's structure or its ability to activate the enzyme cyclic nucleotide phosphodiesterase. Tentative assignments for 5 out of the 7 dimethyl lysine resonances could be obtained by comparing spectra of the fully and partially modified protein, with those of the proteolytic fragments. The pKa values measured for calcium saturated calmodulin ranged between 9.5 (Lys 75) and 10.2 (Lys 13); two residues (Lys 94 and Lys 13) showed a biphasic titration curve suggesting their possible involvement in ion-pairs. The dynamic behavior of the lysine side chains was deduced from spin lattice relaxation measurements. All side chains were flexible and this was not influenced by the removal of calcium, or the addition of the calmodulin antagonist trifluoperazine. The latter data suggest that the lysine side chains are not directly involved in calmodulin's target binding sites.